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(54) Improved Huffman decoding method and apparatus 



(57) An improved l-luffman decoding method and an 
apparatus thereof are provided. The method comprises 
(a) receiving the encoded bit stream; (b) obtaining Index 
infomiatlon from a first bit of a codeword formed with 



bits of a part of the received encoded bit stream, and 
accessing an entry of the look-up table corresponding 
to the index infomiatlon; and (c) determining the type of 
the entry based on an internal value of the accessed 
entry. 
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Description 

[0001] The present invention relates to a Huffnnan decoding apparatus comprising memory means storing data de- 
fining a hHulTman decoding tree. 
. ^ .... ^ [0002] Due to the unique characteristics of the Huffman code, the prior art Huffman decoding method using a binary 
tree has been deemed to be a very efficient method from the viewpoint of the maximum search time, average search 
time, and search time deviation. However, according to the search method based on a conventional binary tree, in 
. order to generate a data structure for searching, a complicated process for constructing a representation of a binary 
tree must be perfonmed. Also, comparison and branch statements fortransition between nodes in a binary tree search 
10 slow the processing flow of the operations of a processor, thereby decreasing the processing speed of a Huffman 
decoder. 

[0003] The structure and operation of the prior art Huffman decoding apparatus and the prior art Huffman decoding 
method perfonned in the apparatus will now be explained referring to Figures 1 to 5. 

[0004] Figure 1 is a schematic block diagram of the prior art Huffman decoding apparatus. The apparatus comprises 
15 an input buffer 110, a search engine 120, a Huffman loolc-up table 130, and an output buffer 140. 

: [0005] Figure 2 is a flowchart for explaining the prior art Huffman decoding method of a Huffman decoder based on 
. : a conventional conditional branch statement, the method perfomned in the apparatus shown in Figure 1 . 
[0006] Figure 3 is a diagram showing a binary Huffman tree structure according to the prior art method. Nodes 31 0, 
322, 330, 332, 342, 344, and 356 are Internal nodes that branch to child nodes. Nodes 320, 340, 346, 350, 362, 354, 
20 360, and 362 are terminal nodes that have return values to be output. 

[0007] The following Table 1 is the codebook of the binary Huffman tree shown in Figure 3. 



Table 1 



Codeword 


Value 


0 


60 


100 


59 


1010 


61 


1011 


58 


1100 


62 


11010 


57 


11011 


63 


111 


4 



[0008] Figures 4a and 4b are diagrams showing the memory structure of a Huffman table according to the prior art 
binary tree Huffman decoding method. Referring to Figures 4a and 4b, the prior art Huffman table uses 3 memory 

40 spaces to represent each node. Refemng to Figure 4a, for an internal node, a null value is stored in the middle memory 
space among the 3 allocated memory spaces, the address of a left-hand node of the children nodes Is stored in the 
left-hand memory space, and the address of a right-hand node of the children nodes is stored in the right-hand memory 
space. Also, referring to Figure 4b, for a temninal node, an internal value of the node, that is, the return value to be 
output, is stored In the middle memory space of the 3 allocated memory spaces, and null values are stored in the left- 

45 hand and right-hand memory spaces. 

[0009] Referring to Figures 3 through 5, and based on the flowchart shown in Figure 2, the decoding method of a 
Huffman decoder using the Huffman table of the prior art binary tree structure will now be explained. 
[0010] Step 210 is the first step of the decoding process. In step 210, based on the codeword of an encoded bit 
stream, which is input to the Huffman decoder, an entry corresponding to the root node of the Huffman tree shown in 

50 Figure 3, that is, the internal node 31 0, is accessed. 

[0011] Step 220 Is a comparison and branch statement, and in step 220 it is determined whether the node corre- 
sponding to the entry accessed In step 21 0 Is an intemal node or a terminal node. 

[0012] In step 230, if it is detemnlned in step 220 that the node corresponding to the accessed entry is a tenminal 
node, the value stored in the middle memory space among the 3 memory spaces allocated to the temninal node is 
55 output as a decoded codeword value. 

[0013] In step 240, if it is determined in step 220 that the node corresponding to the accessed entry is an Internal 
node, it is determined whether the value of 1 bit input from the bit stream Is '0* or 'V. If the value is '0', step 260 is 
performed and if the value is '1 step 260 is perfomned. 
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[0014] In step 250, an entry corresponding to the address stored in the left-hand memory space among the 3 memory 

spaces allocated to the current node is accessed and then step 220 is perfomried. 

[0015] In step 260, an entry corresponding to the address stored in the right-hand memory space among the 3 
memory spaces allocated to the cun'ent node is accessed and then step 220 is perfomried. 
5 [0016] Referring to Figures 2 and 5, a process for decoding an input bit stream '1110100...', which is encoded ac- 
cording to the prior art Huffman decoding method described above, will now be explained. 

[0017] in step 21 0, the first step of decoding, the entry corresponding to the root node of the Huffman binary tree, 
the entry which corresponds to address '1' of the Huffman table shown in Figure 5, is accessed. 
[0018] In step 220, it Is detemnined whether the node to which the accessed entry belongs Is an internal node or a 
10 terminal node. Referring to Figure 5, the value stored in the middle memory space of the 3 memory spaces of the node 
corresponding to address 'V is 'NULL*, •4" is stored in the left-hand memory space and '7' is stored in the right-hand 
memory space. Accordingly, in step 220 it is detemnined that the node corresponding to the address '1' is an internal 
node, as shown in Figure 4a, and step 240 Is performed. 

[0019] In step 240, the first bit '1' of the first encoded codeword of the input bit stream 'niOlOO' is input. Because 

15 the input bit (new digrtQ) is '1 ', step 260 is perfomfied. 

[0020] In step 260, an entry corresponding to the address 'T stored in the right-hand address '2' of the current address 
'V, that Is, in the right-hand memory space of the current node, Is accessed, and step 220 Is performed, 
[0021] In step 220, it Is detemnined whether the node corresponding to address T of the Huffman table is an Internal 
node or a terminal node. Referring to Figure 5, the value stored in the middle memory space of the 3 memory spaces 

20 of the node corresponding to address '7' is 'NULL', '10' is stored in the left-hand memory space and '13* is stored in 
the right-hand memory space. Accordingly, in step 220 it is detemnined that the node corresponding to address T is 
an internal node, as shown in Figure 4a, and step 240 is perfomned. 

[0022] In step 240, the second bit '1' of the first encoded codeword of the input bit stream 'n 10100' is input. Because 

the input bit (new digit) is '1', step 260 is perfonmed. 
25 [0023] In step 260, an entry corresponding to the address '13' stored in the right-hand address '8' of the current 

address '7', that is, in the right-hand memory space of the current node, is accessed, and step 220 is performed. 

[0024] In step 220, it is detemnined whether the node corresponding to address '13' of the Huffman table is an internal 

node or a terminal node. Referring to Figure 5, the value stored in the middle memory space of the 3 memory spaces 

of the node corresponding to address '13' is 'NULL', '22' is stored in the left-hand memory space and '25' Is stored in 
30 the right-hand memory space. Accordingly, in step 220 it is detemnined that the node corresponding to address '13' is 

an internal node, as shown in Figure 4a, and step 240 is performed. 

[0025] In step 240, the third bit '1' of the first encoded codeword of the input bit stream '11^0100' is input. Because 
the Input bit (new digit()) is '1', the step 260 is perfomned. 

[0026] In step 260, an entry corresponding to the address '25' stored in the right-hand address '14' of the current 
35 address '13', that is, in the right-hand memory space of the current node, Is accessed, and step 220 is perfomned. 
[0027] In step 220, it is detemnined whether the node corresponding to address '25* of the Huffman table is an internal 
node or a temninal node. Referring to Figure 5, the value stored in the middle memory space of the 3 memory spaces 
of the node corresponding to address '25' is '4', 'NULL' is stored in the left-hand memory space and 'NULL' is stored 
in the right-hand memory space. Accordingly, in step 220 it is determined that the node corresponding to address '25' 
40 Is a temninal node shown in Figure 4b, and step 230 is performed. 

[0028] In step 230, the value '4' stored in the middle memory space among the 3 memory spaces allocated to the 
node corresponding to address '25' is output as a decoded codeword value. 

[0029] Accordingly, the decoded codeword '4' corresponding to the first codeword '111' of the input bit stream 
'1110100' is obtained, and decoding of the second codeword of the bit stream '1110100' is performed. 
45 [0030] In the same manner as in the process for obtaining the decoded codeword value '4', in step 21 0, the first step 
of the decoding, the entry corresponding to address "V of the Huffman table, that is, the root node of the Huffman binary 
tree, is accessed and then step 220 is performed. 

[0031] In step 220, it Is determined whether the accessed node corresponding to address '1 ' of the Huffman table is 
an internal node or a temninal node. The value stored In the middle memory space of the 3 memory spaces of the node 
50 corresponding to address 'V is 'NULL', '4' Is stored in the left-hand memory space and '7* is stored in the right-hand 
memory space. Accordingly, In step 220 it is detemnined that the node corresponding to address '1 ' Is an internal node, 
as shown in Figure 4a, and step 240 is performed. 

[0032] I n step 240, the first bit '0' of the second codeword of the input bit stream '11 1 01 00' is input. Because the input 
bit (new digitQ) is '0', step 250 is performed. 
S5 [0033] In step 250, an entry corresponding to the address '4' stored in the left-hand address '0' of the current address 
'1', that is, the left-hand memory space of the cun^ent node. Is accessed and step 220 is perfonmed. 
[0034] In step 220, it is detemnined whether the node corresponding to the address '4' of the Huffman table is an 
intemal node or a temninal node. Refen-ing to Figure 5, the value stored In the middle memory space of the 3 memory 
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spaces of the node corresponding to address '4' Is '60'. 'NULL' Is stored In the left-hand memory space and 'NULL' Is 
stored in the right-hand memory space. Accordingly, in step 220 it is detennined that the node corresponding to the 
address '4' is a terminal node, as shown in Figure 4b, and step 230 Is performed. 

[0035] In step 230, the value '60' stored In the middle memory space among the 3 memory spaces allocated to the 
node corresponding to the address '4' is output as a decoded codeword value corresponding to the second codeword 
'0' of the bit stream "11101 00'. 

[0036] In this manner, the decoded codeword value '59' corresponding to the third codeword '1 00' of the encoded 
bit stream '1110100' input to the Huffman decoder is output. By doing so, decoded codeword values '4, 60, 59, 
corresponding to the bitstream '1110100...' are obtained. 

[0037] Thus, in the prior art Huffman decoding method based on a binary tree, a complicated process for generating 
the data structure needed for searching must be performed. In particular, comparison and branch statements for tran- 
sition between nodes in a binary tree search reduce the processing flow of the operations of a processor such that the 
operational speed decreases. Also, since each node uses 3 memory spaces In the look-up table according to the prior 
art Huffman decoding method, memory spaces are excessively consumed. 

[0038] A Huffman decoding apparatus, according to the present invention, is characterised in that the root node of 
the tree is not represented and each other node of the tree is represented in the memory means by a single item of a 
simple data type. Preferably all nodes are represented using the same simple data type. More preferably, terminal 
nodes and internal nodes are represented by Items having different parity. Still more preferably, terminal nodes are 
represented by items having positive values and intemal nodes are represented by items having negative values. Even 
more preferably, the apparatus includes processing means, wherein said processing means is responsive to the first 
^ bit of a Huffman code to select a first represented node to be visited. Yet more preferably, the processing means is 
- configured to calculate the index of a next entry to be accessed using the equation: index , = index ^ ^ - 

J i. J, u'+ I u • ■ _i T 1 nexi entry ^'^current entry 

aaia item^urTent entry value^e^rt bif wherein index^jurreni entry denotes the index number of a current entry, data 
'tenicurrent entry denotes the return value of the cun-ent entry, and bit value^ext denotes a next bit value in said Huffman 
code. 

[0039] The present invention provides an improved Huffman decoding method in which "comparison and branch* 
commands that decrease processing efficiency in the prior Huffman decoding process are omitted so that the opera- 
tional speed of a Huffman decoder is increased and the required memory resources are decreased. 
[0040] The present Invention also provides an Improved Huffman decoding system which perfonns the improved 
Huffman decoding method In which 'comparison and branch' commands that decrease processing efficiency In the 
prior Huffman decoding process are omitted, so that the operational speed of a Huffman decoder is increased and the 
required memory resources are decreased. 

[0041] Embodiments of the present invention will now be described, by way of example, with reference to Figures 6 
to 9, in which: 

Figure 1 is a schematic block diagram of a prior art Huffman decoding apparatus; 

Figure 2 is a flowchart for explaining the prior art Huffman decoding method performed in the apparatus shown In 
Figure 1 ; 

Figure 3 is a diagram showing a binary tree structure, which Is used In the Huffman decoding method; 

Figures 4a and 4b are diagrams showing memory spaces of a Huffman table, corresponding to respective nodes 

used In the prior art Huffman decoding method; 

Figure 5 is a Huffman table used in the prior art Huffman decoding method; 

Figure 6 is a schematic diagram showing a process for generating a one-dimensional look-up table according to 
an embodiment of the present Invention; 

Figure 7 is a table showing a process for generating a one-dimensional look-up table according to an embodiment 
of the present invention; 

Figure 8 is a one-dimensional look-up table used in a decoding method according to an embodiment of the present 
invention; and 

Figure 9 is a flowchart for explaining an improved Huffman decoding method based on numerical operations, 
according to an embodiment of the present invention. 

[0042] Referring to Figure 6, in the table converting process, the nodes of a binary tree are grouped In each identical 
search stage, and are arranged in a one-dimensional array such that the size of the codewords, as shown in Table 1 , 
increases from left to right. When the look-up table shown in Figure 6 Is generated, each intemal node stores a relative 
distance between the location of the cun-ent node and a node which will be accessed next, as an internal value, and 
each terminal node stores a retum value that is to be output, as an internal value. 

[0043] The one-dimensional anray is generated in a sorting process and has the structure of a serial static look-up 
table as shown in Figure 6. 
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[0044] Referring to Figure 6, the generation process of the one-dimensional lool<-up table will now be explained in 
more detail. In the binary tree of Figure 6, index numbers are sequentially given to respective nodes from the upper 
layer to the lower layer, that is, in order of layer-0, layer-1 . layer-2, layer-3, layer-4, and layer-5. Also, in an identical 
layer, index numbers are sequentially given to respective nodes. In a preferred embodiment of the present invention, 
s continuous Index numbers are given to sibling nodes as shown in Figure 6. Though index numbers are given from the 
left-hand side to the right-hand side in an Identical layer in the present embodiment, index numbers may be given from 
the right-hand side to the left-hand side in an Identical layer. Additionally, in the present embodiment, no index number 
is given to the root node of the binary tree in layer-0. 

[0045] In Figure 6, return values of '60', '59', '4', '61', '58', '62', '57', and '63' are allocated respectively, to the terminal 
10 nodes to which index numbers 0. 4, 7, 8, 9, 10, 12 and 13 are given, from the left-hand side to the right-hand side in 
increasing order of the size of codewords shown in table 1 . 

[0046] Furthemiore, relative distance values between the current node and a node which will be accessed next are 
stored, respectively, in the internal nodes to which index numbers 1 , 2, 3, 5, 6, 11 , ... are given,. In the present embod- 
iment, in the internal nodes to which index numbers 1 . 2, 3, 5, 6, 11 are given, the difference values of the index numbers 
15 of the cun-ent node and the index numbers of the left-hand child nodes, that Is, '-1 '-2', '-3', '-3', '-4', and '- V, are stored, 
respectively. 

[0047] Figure 7 shows a one-dimensional look-up table constructed according to the table reconstmction method 
shown in Figure 6. The reconstructed one-dimensional look-up table contains the index numbers given to respective 
nodes of the binary tree and the Interna! values of the nodes stored in relation to the index numbers. The intemal value 

20 of each internal node stored in the look-up table is the relative distance value between the current node and a node 
which will be accessed next, that is, the difference between the Index number of the current node and the index number 
of the left-hand node of the children nodes in the present embodiment, and therefore is always a negative value. The 
Intemal value of each temiinal node is a result value which will be output and therefore is a positive value. 
[0048] Although in the present embodiment, each Interna! node has a difference value between the index number 

25 of the current node and the index number of the left-hand child node, other relative distance values such as the differ- 
ence value from the index number of the right-hand node may be stored selectively in other embodiments. 
[0049] The columns named 'Left-hand node: 0* and 'Right-hand node: 1 ' in the one-dimensional look-up table shown 
in Figure 7 are not included in the final look-up table shown in Figure 8, and show an Intermediate process for generating 
a table. These columns indicate search address values, which will be accessed next in a search process. Together 

30 with 1 bit of data read from an encoded bit stream, each item in these columns indicates the index number of a node 
in a search stage for moving to a next node. 

[0050] In the prior art binary tree Huffman look-up table, the look-up table must have 3 elements for each node, 
including the data value of the node and address values for moving to a next node when branching to the left-hand 
node or the right-hand node is performed. Accordingly, 3 memory spaces are needed for each node of the binary tree. 

35 [0051] In thefinal look-up table according to an embodiment of the present invention shown in Figure 8, each internal 
node has only a relative distance value between the current node and a node which will be accessed next, and each 
temiinal node has only a result value which will be output. Also, each of these two values as indicated by thick lines 
in Figure 7 always occur exclusively, and therefore, each of them can be arranged in a one-dimensional space as 
shown in Figure 8. Accordingly, compared to the prior art look-up table the required memory space is reduced to athird. 

40 [0052] Referring to Figure 9, in step 91 0, the first step of decoding using the one-dimensional look-up table, an entry 
of the look-up table of Figure 8 is accessed by using the first bit value of a predetennined codeword of an encoded bit 
stream which is input to the Huffman decoder, as index Infomnation. 

[0053] In step 920. it is detennined whether the current node corresponding to the entry accessed in step 91 0 is an 
intemal node or a terminal node. In the present embodiment, the type of a node is determined according to whether 
45 the Internal value of the corresponding entry Is a positive value or a negative value. 

[0054] In step 920, if the internal value stored in the corresponding entry is a positive value, it is detennined that the 
current node is a temiinal node, and step 930 is performed. If the internal value is a negative value, it Is determined 
that the cun-ent node is an internal node, and step 940 is performed. 

[0055] When it is detennined In step 920 that the current node is a temiinal node, the internal value of the current 
so node is output as a return value, In step 930. 

[0056] When it is detennined in step 920 that the current node is an internal node, a new index value is calculated 
according to the following equation 1 In step 940, and an entry in the look-up table corresponding to the calculated 
index value is accessed: 

55 

Index = index - data (index) + new^digitQ (1) 
[0057] In equation 1 , "index" on the right side denotes the Index number of the current node, data(index) denotes a 
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relative distance value between the current node stored as an internal value in the current entry and a node which will 
be accessed next, and new_digltO denotes the next bit value in the input bit stream. 

[0058] In the present embodinnent, the relative distance value is the difference value between the index number of 
the cun-ent node and the Index number of the left-hand child node of the current node. 

[0059] Referring to the one-dimensional look-up table according to the present Invention shown in Figure 8 and the 
flowchart shown in Figure 9, a process for decoding '11101 00' in an encoded bit stream which is input to the Huffman 

..decoder will now be explained. 

[0060] In step 91 0, the first step of decoding, an entry of the look-up table of Figure 8 is accessed by using the firet 
bit '1 • of the first codeword of an encoded bit stream '1^1 1 01 00' whteh is input to the Huffman decoder, as Index inf or- 

■: matlon. Here, it is assumed that a codeword con^esponding to a predetennlned retum value begins from the first brt of 

' the bit stream '1110100'. 

[0061] In step 920, it is detennined whether the current node is an internal node or a temrilnal node, based on the 
sign of the internal value of the node corresponding to the current entry accessed In step 910, that is, the entry having 
the Index value 1 of the look-up table of Figure 8. In the present embodiment, since the internal value of the entry 
having the index value 1 is a negative value '-V in step 920, it is determined that the cun-ent node is an intemal node 
and step 940 Is perfomied. 

[0062] In step 940, a new index value is calculated from equation 1 and a new entry is accessed according to the 
calculated Index value, and then step 920 is perfomied. In the present embodiment, data(index) is the result value of 
index number 1 - index number 2 (i.e. data(index) = -1 in this case), and new_digit( ) is the next bit value '1' in the bit 
stream '1 1^1 01 00' to be decoded. Accordingly, the new index value is index = 1 - (-1 ) + 1 = 3. Therefore, in step 940, 
an entry corresponding to Index 3 is accessed and then step 920 is perfomied. 

.[0063] In step 920, it is detennined whether the node of the current entry accessed in step 940, that is, the entry 
corresponding to index 3 of the look-up table of Figure 8, is an Internal node or a tenninal node. In step 920, since the 
intemal value of the entry is a negative value '-3', it Is detennined that the current node is an intemal node, and step 
940 is perfomied again. 

[0064] In step 940, according to equation 1 , a new index value is calculated. In this case data(index) is the difference 
between Index 3 and index 6, I.e. 3 - 6 = -3. Since new_digit( ) is the second bit value '1' of the first codeword in the 
bit stream '1 11 01 00' to be decoded, the new index value is Index = 3 - (-3) + 1=7. Therefore, an entry corresponding 
to index 7 is accessed and then step 920 is performed. 

[0065] In step 920, it is detennined whether the node of the current entry accessed in step 940, that is, the entry 
corresponding to index 7 of the look-up table of Figure 8, is an internal node or a temiinal node. In step 920, since the 
Intemal value of the entry Is a positive value, it is determined that the current node Is a terminal node, and step 930 is 
^ perfomied. 

[0066] In step 930, the internal value '4' of the entry corresponding to index 7 is output as a result value, that is, a 
decoded codeword. By doing so, the decoding steps for the first bit set in the encoded bit steam '1110100'. that Is, the 
codeword '111 ', are finished, and then decoding of a second codeword begins. 

[0067] In step 9 1 0, an entry of the look-up table of Figure 8 is accessed by using the first bit '0' of the second codeword 
of the bit stream '1110100'. 

[0068] In step 920, since the Internal value of the entry corresponding to index 0 accessed In step 91 0 is a positive 
value, it is determined that the current node is a tenninal node and step 930 Is performed. 

[0069] In step 930, the internal value '60' of the entry corresponding to Index 0 is output as a decoded codeword. By 
doing so, the decoding steps for the second codeword '0' of the encoded bit steam '111 01 00', are finished, and then 
decoding of a third codeword begins. 

[0070] In the step 910, an entry of the look-up table of Figure 8 is accessed by using the first bit 'V of the third 
codeword of the bit stream '111 Oj^OO'. 

[0071] In step 920, since the intemal value of the current entry accessed in step 91 0, that is, the entry corresponding 
to index 1 , is a negative value It is detennined that the current node is an intemal node and step 940 is perfonned. 
[0072] In step 940, according to equation 1 , a new index value is calculated. Since new_digit( ) is the second bit 
value '0' in the brt stream '1 1 1 01 00' to be decoded, the new index value Is Index = 1 - (-1 ) + 0 = 2. Therefore, an entry 
corresponding to index 2 is accessed and then step 920 Is performed. 

[0073] In step 920, It Is detennined whether the node of the cun^ent entry accessed in step 940, that is, the entry 
con^esponding to index 2 of the look-up table of Figure 8. is an Intemal node or a terminal node. In the present embod- 
iment, since the Internal value of the cun-ent entry is a negative value '-2', it is detennined that the current node is an 
intemal node, and step 940 is perfonned. 

[0074] In step 940, according to equation 1 , a new index value is calculated. Since new_digit() is the third bit value 
'0' of the third codeword In the bit stream '1110100' to be decoded, the new Index value is index = 2 - (-2) + 0 = 4. 
Therefore, an entry con-esponding to Index 4 is accessed and then step 920 is performed. 

[0075] In step 920, it Is detennined whether the node of the current entry accessed in step 940, that is, the entry 
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corresponding to Index 4 of the look-up table of Figure 8, is an internal node or a temiinal node. In step 920, since the 
internal value of the current entry is a positive value '59', it is detemnined that the current node Is a terminal node and 
step 930 is performed. 

[0076] In step 930, the Internal value *59' of the cun^ent entry is output as a decoded codeword of the third codeword 
5 ' 1 00' of the encoded b it stream ' 11 1 0 100' . 

[0077] Thus, decoding for 3 codewords in the encoded bit stream '1110100' is perfonned and decoded codewords 

'4, 60, 59' are output as result values. 

[0078] Therefore, when the process for perfomiing the Huffman decoding method based on the prior art binary tree 
Is compared with the process for performing the improved Huffman decoding method according to the present embod- 

10 iment, it is shown that the Huffman decoding method applies 1 data bit which is input from the encoded bit stream, to 
directly access an entry of the loolc-up table, that is, to caicuiate address values so that conditional statements, which 
are needed for transition between nodes in the prior art Huffman decoding method, are removed. Accordingly, the 
Huffman decoding method according to the present invention achieves improved processing efficiency. 
[0079] Table 2 shows the perfomaance results of the improved Huffman decoding method according to the present 

15 invention and the Huffman decoding method by the prior art sequential search method. 



Table 2 



25 



35 



40 



Huffman 
codeboolc 


Search stage/ 
table size 


Total search 
frequency 


Average search frequency 


Improvement of 
search speed 
(%) 


Proposed 

search method 


Sequential 
search method 


Scale factor 


19/121 


14022 


3.91 


5.09 


30.01 


1 


16/81 


5624 


4.52 


12.50 


177.98 


2 


16/81 


7857 


5.39 


18.61 


245.11 


3 


16/81 


16710 


3.77 


6.46 


71.11 


4 


16/81 


8680 


4.77 


11.42 


139.32 


5 


16/81 


28794 


3.08 


4.51 


46.35 


6 


16/81 


1086 


5.17 


14.04 


172.58 


7 


16/64 


2958 


2.64 


3.29 


24.80 


8 


16/64 


582 


4.81 


11.13 


131.28 


9 


16/169 


234 


2.94 


5.09 


73.26 


10 


16/169 


2594 


6.51 


33.60 


415.63 


11 


16/289 


7640 


7.41 


65.02 


776.43 



[0080] As shown in the perfomnance results of Table 2, when arbitrary MPEG-2 advanced audio coding {^f<0) test 
files were tested, perfomnance Improvement was achieved by a minimum of 25% to a maximum of 776% according to 
the types of Huffman codeboolcs. Also, from the vievirpoint of average search frequency, the Huffman decoding method 
^ according to the present embodiment showed about 75% perfomnance improvement compared with the Huffman de- 
coder using an ordinary sequential search method. 

[0081] Table 3 shows the test results of the methods by using 6 different MPEG-2 /VAC files under the same measuring 
environments. 

50 Table 3 



Test file 


Total search frequency 


improvement of search speed (%) 


Proposed search method 


Sequential search method 


testOI .aac 


407,591 


1,168,714 


187 


test02.aac 


404,608 


1,238,404 


206 


test03.aac 


360,727 


1,236,965 


243 
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Table 3 (continued) 



Test file 


Total search frequency 


Improvement of search speed (%) 


Proposed search method 


Sequential search method 


test04.aac 


371 ,423 


941 ,376 


153 


testOS.aac 


174,997 


511,710 


192 


test06.aac 


239,362 


740,700 


209 


Average 


326,451 


972,978 


198 



' [0082] As shown in Table 3, the Improved Huffman decoding method according to the present embodiment improves 
the search speed by a minimum of 153% and a maximum of 243% according to the types of file, compared with the 
Huffman decoding method of the prior art sequential search method. 

[0083] The present Invention may be embodied in a code, which can be read by a computer, on a computer readable 
recording medium. The computer readable recording medium Includes all kinds of recording apparatuses on which 
computer readable data are stored. 

[0084] The computer readable recording media includes storage media such as magnetic storage media (e.g.. 
ROIVI's, floppy disks, hard disks, etc.) and optically readable media (e.g., CD-ROMs, DVDs, etc.). The present invention 
may be embodied In a signal, which may be suitable for transmission over the Internet. Also, the computer readable 
recording media can be transmitted to computer systems connected through a network, and It can store and execute 
. a computer readable code in a distributed mode. 

[0085] According the improved Huffman decoding method and apparatus of the present Invention as described 
above, 'comparison and branch' operations needed in the prior art binary tree search are removed, thereby increasing 
the search speed. Also, a look-up table can be implemented with a memory space, which is only a third of the memory 
space of the prior art table that Is used for the 'comparison and branch' statements. 



Claims 



1 . A Huffman decoding apparatus comprising memory means storing data defining a Huffman decoding tree char- 
acterised In that the root node of the tree is not represented and each other node of the tree is represented in 
the memory means by a single item of a simple data type. 

2. An apparatus according to claim 1 , wherein all nodes are represented using the same simple data type. 

3. An apparatus according to claim 1 or 2, wherein terminal nodes and internal nodes are represented by items having 
different parity. 

4. An apparatus according to claim 1 , 2 or 3, wherein tenninal nodes are represented by items having positive values 
and internal nodes are represented by items having negative values. 

5. An apparatus according to claim 1 , 2, 3 or 4, including processing means, 

wherein said processing means is responsive to the first bit of a Huffman code to select a first represented node 
to be visited. 

6. An apparatus according to claim 5, wherein the processing means is configured to calculate the index of a next 
entry to be visited using the equation: 



'"^ex^xl entry = *"deX^urTent entry ■<*ata jtem^urrent entry + ^'^ value^^ bit 

Wherein index^urrent entry denotes the index number of a current entry, data itemcurrent entry denotes the return 
value of the current entry, and bit value nexibft denotes a next bit value in said Huffman code 

7. A decoding method for decoding an encoded bit stream using a look-up table, the method comprising: 
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(a) receiving the encoded bit stream; 

(b) obtaining index inf onnation from a first bit of a codeword formed with bits of a part of the received encoded 
bit stream, and accessing an entry of the lool<-up table con^espondlng to the index information; and 

(c) determining the type of the entry based on an internal value of the accessed entry. 

5 

8. The decoding method of claim 7, wherein in the step (c) It Is determined whether the entry corresponds to an 
internal node or a temiinal node, according to the sign of the internal value of the accessed entry. 

9. The decoding method of any one of claims 7 and 8, further comprising: 

10 

(d) If it is detenmined in the step (c) that the accessed entry con-esponds to an internal node, calculating an 
Index value of an entry which will be accessed next, based on the index value of the current entry, the internal 
value of the accessed entry, and the second bit value of the codeword. 

15 10. The decoding method of claim 9. wherein the index value which will be accessed next is calculated according to 
the following equation: 

Index = Index - data(lndex) + new_dlgit( ) 

20 

where Index denotes the index number of a current entry, data(index) denotes a retum value of the current 
entry, and new_digit( ) denotes a next bit value in the codeword, and a step for accessing an entry of the look-up 
table corresponding to the calculated index value is further included. 

25 11. The decoding method of any one of claims 9 and 1 0, wherein the internal value of the current entry is a relatively 
distance between the current node and a node which will be accessed next. 

12. The decoding method of any one of claims 9 and 10, wherein the entry to be accessed next is an entry con^- 
sponding to a left-hand node of children nodes of a node corresponding to the current node, and the relative 

30 distance is a difference value between the Index value of the cunrent entry and the index value of the entry corre- 

sponding to the left-hand node. 

13. The decoding method of claim 9, further comprising. 

if It is detemritned in the step (c) that the accessed entry corresponds to an internal node, accessing an entry 
35 of the look-up table, based on a value obtained by adding the index value of the accessed entry, the absolute value 

of the internal value, and the next bit value of the codeword. 

14. The decoding method of any one of claims 7 and 8, further comprising: 

40 (e) if it is determined in the step (c) that the accessed entry corresponds to a tenninal node, outputting the 

internal value of the look-up table as a decoded codeword of a codeword formed with bits of a part of the 
encoded bit stream. 

15. The decoding method of claim 9, wherein the step (c) further comprises: 

45 

(c1) detennining whether the accessed entry con-esponds to an internal node or a terminal node, using the 
calculated Index and based on an internal value of an entry of the look-up table corresponding to the index. 

16. The decoding method of claim 15, wherein the step (c) further comprises: 

so 

(c2) if it is determined that the node of the entry is a terminal node, outputting the internal value of the look- 
up table as a decoded codeword of a predetermined encoded codeword of the encoded bit stream. 

17. The decoding method of claim 7, wherein the encoded bit stream is encoded by one of the motion pictures experts 
55 group (MPEG) standard, the joint photographic coding experts group (JPEG) standard, and the H.26x standard. 

18. The decoding method of claim 7, wherein the look-up table is generated from a binary tree. 
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09. A decoding apparatus for decoding an encoded brt stream according to a binary tree search, the apparatus com- 
prising: 

a processor which decodes the encoded bit stream; and 

a memory which is connected to the processor and stores a look-up table related to the decoding 

wherein the look-up table has entries which correspond to respective nodes of the binary tree and have 
Internal values, and the type of a node of the binary tree corresponding to each entry is determined by the internal 
value stored in relation with the entry. 

20. The decoding apparatus of claim 1 9, wherein the internal value stored In relation with the entry has a different sign 
according to the type of a node corresponding to the entry. 

. 21. The decoding apparatus of any one of claims 19 and 20, wherein if the node corresponding to the entry is an 
Internal node, the Internal value of the entry is a relative distance value between the intemal node which is the 
current node, and a node to be accessed next. 

22. The decoding apparatus of claim 21 , wherein the entry to be accessed next for obtaining the intemal value of the 
current entry is an entry corresponding to a left-hand node of children nodes of a node corresponding to the current 
entry, and the relative distance is a difference value between the index value of the current entry and the index 
value of an entry corresponding to the left-hand node. 

23. The decoding apparatus of any one of claims 1 9 and 20, wherein if the entry corresponds to a terminal node, the 
internal value of the entry is a decoded codeword of a predetemnined codeword of the bit stream. 

24. The decoding apparatus of claim 19, wherein the encoded bit stream is encoded by one of the MPEG standard 
the JPEG standard, and the H.26x standard. 
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FIG. 1 (PRIOR ART) 
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FIG. 2 (PRIOR ART) 
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FIG. 3 (PRIOR ART) 
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FIG. 4A (PRIOR ART) 
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FIG. 5 (PRIOR ART) 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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